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SUElMAKY 
[ ~ ~ ~ C ] - b e n z y l g u a n i d i n e  (1) hav ing  a s p e c i f i c  a c t i v i t y  of 1 4  m C i l  
mmol w a s  syn thes i zed  i n  5 5 % y i e l d  ( i s o l a t e d )  by r e a c t i n g  [ d 4 C ] -  
benzylamine hydroch lo r ide  and cyanamide i n  1-butanol .  
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INTKODUCTI ON 
Eany d e r i v a t i v e s  of benzylguanid ine  are p o t e n t  a n t i h y p e r t e n s i v e  a g e n t s  (1,Z) 
due  t o  t h e i r  a b i l i t y  t o  d i r e c t l y  b lock  t h e  r e l e a s e  of no rep inephr ine  from sym- 
p a t h e t i c  n e r v e s  ( 3 ) .  Thus, t h e y  are r e f e r r e d  t o  as neuron-blocking a g e n t s .  A 
r a d i o i o d i n a t e d  d e r i v a t i v e  of benzy lguan id ine ,  m-iodobenzylguanidine (MIBG,?) , 
h a s  been shown t o  l o c a l i z e  i n  a d r e n e r g i c  t i s s u e  (4-5).  When l a b e l e d  wi th  
o r  I23I ,  M I B G  i n  humans p rov ides  s c i n t i p h o t o s  of ca techolamine  c o n t a i n i n g  tumors 
( 6 ) ,  hype r func t ion ing  a d r e n a l  medul lae  (71 ,  and o rgans  w i t h  r i c h  sympa the t i c  
i n n e r v a t i o n  such  as  t h e  h e a r t  (8).  
- 
BENZYLGUANIDINE 
1 - 
I n  o r d e r  t o  assess t h o s e  a s p e c t s  of MIBG b i o d i s t r i b u t i o n  t h a t  are a t t r i b u t a -  
b l e  t o  t h e  i o d i n e  atom, we r e q u i r e d  14C-labeled benzylguanid ine  (L). Th i s  
a r t i c l e  d e c r i b e s  v a r i o u s  a t t e m p t s  t o  s y n t h e s i z e  t h i s  compound. 
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RESULTS AND DISCUSSIUN 
Radiopharmaceut ica l  c o n s t r a i n t s  r e q u i r e  t h a t  we o b t a i n  product  of reason-  
ab ly  h igh  s p e c i f i c  a c t i v i t y  ( > l o  rcCi/mmol) t o  minimize p o t e n t i a l  pharmacologica l  
e € f e c t s  du r ing  i n  v ivo  b i o d i s t r i b u t i o n  s t u d i e s .  I n  a d d i t i o n  w e  wanted a pre-  
p a r a t i o n  t h a t  would no t  r e q u i r e  HPLC p u r i f i c a t i o n .  p r i o r i ,  1. shou ld  be 
r e a d i l y  o b t a i n a b l e  from e i t h e r  of t h e  two c lassical  syn theses  (1,9-11) of 
a r a l k y l g u a n i d i n e s  : 
1) Reacti.on of [ a-14C]-benzylamine w i t h  2-methyl-2-thiopseudourea s u l f a t e .  
2 )  React i o n  of [ c ~ - ~ ~ C ]  -benzylan ine  hydroch lo r ide  (3) w i t h  mol ten  cyanamide 
a s  shown i n  Scheme 1. 
Scheme 1 
Out i n i t i a l  a t t empt  t o  s y n t h e s i z e  1 was t o  r e a c t  3 ,  a n  e q u i v a l e n t  of 
KHC03 and 2-methyl-2-thiopseudourea s u l f a t e  i n  r e f l u x i n g  water. A f t e r  10  
hours ,  radio-TLC showed l e s s  t h a n  2% y i e l d  of t h e  d e s i r e d  L. F u r t h e r  h e a t i n g  
d i d  not improve t h e  y i e l d  of 1 bu t  l e d  t o  t h e  fo rma t ion  of s e v e r a l  r a d i o a c t i v e  
i m p u r i t i e s .  We next t u rned  ou r  a t t e n t i o n  t o  l-guanyl-3,5-dimethylpyrazole 
n i t r a t e  ( 4 )  a s  t h e  g u a n y l a t i o n  agen t  (11). Reac t ion  of 3, KHC03 and fi i n  
r e f l u x i n g  wa te r  f o r  16 hour s  d i d  n o t  l e a d  t o  any d e t e c t a b l e  amount of 1. We 
t h e n  focused  on t h e  cyanamide method where in  3 and e x c e s s  cyanamide were hea ted  
a t  114°C f o r  4 hours .  Compound 1. was formed i n  abou t  5% y i e l d  under  t h e s e  
c o n d i t i o n s  as shown by radio-TLC. F u r t h e r  h e a t i n g  a t  130°C f o r  1 2  hour s  l e d  
t o  an i n c r e a s e  i n  t h e  y i e l d  of 1 ( ca .  25%) bu t  an  i m p u r i t y  ( c a .  2 0 % )  t h a t  was 
l e s s  p o l a r  than  benzylamine i t s e l f  appeared  i n  t h e  radio-TLC. 
- - 
- 
- - 
- 
- 
These d i scourag ing  f i n d i n g s  prompted a s e a r c h  f o r  m o d i f i c a t i o n s  o r  a l ter-  
n a t i v e  approaches.  Of s p e c i a l  i n t e r e s t  was t h e  r e p o r t  by Miller ( 1 2 )  i n  which 
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p-ni t robenzylguauidine w a s  made by r e a c t i o n  of p-ni t robenzylamine hydroch lo r ide  
with cyanamide i n  r e f l u x i n g  1-butanol .  This  s y n t h e s i s  proceeds i n  low y i e l d  
when conducted under  t h e  u s u a l  molten cyanamide cond i t ions . l3  
- - 
Thus, when 3 and excess  cyanamide were allowed t o  r e a c t  i n  r e f l u x i n g  
1-butanol  as s o l v e n t  a t  a pH of 5.5 f o r  5 hour s ,  1. w a s  formed i n  80-90% y i e l l  
as judged by radio-TLC (14) .  Add i t ion  of more cyanamide o r  prolonged h e a t i n g  
d i d  no t  t a k e  t h e  r e a c t i o n  t o  complet ion.  P u r i f i c a t i o n  of t h e  f i n a l  product  was 
achieved by e x t r a c t i o n  of t h e  s m a l l  amount of un reac ted  amine w i t h  e t h e r  from 
t h e  aqueous s o l u t i o n  of t h e  r e a c t i o n  mixture  a t  pH 10.2. The s t r o n g l y  b a s i c  
benzylguanidine (pKa 3 1 3 )  remained i n  t h e  aqueous s o l u t i o n  a t  t h i s  pH. Radio- 
HPLC showed > 98% p u r i t y  a f t e r  e r h e r  e x t r a c t i o n .  
- 
Attempts are p r e s e n t l y  underway t o  op t imize  t h e  l4C-1abeling of bo th  
benzylguanidine and MIBG a t  t h e  guanidino carbon. 
EXPERIMENTAL SECTIuN 
Thin l a y e r  chromatography w a s  c a r r i e d  o u t  on Whatman K6F s i l i c a  g e l  p l a t e s .  
P l a t e s  ( 2 0  x 2.5 cm) were developed w i t h  two s o l v e n t  systems:  a )  e t h a n o l /  
concen t r a t ed  NH40H ( 3 : l  v / v j :  henzylguanidine'RC1, R f = O . l O ;  benzylamine'HC1, 
Rf=0.74. b )  1 - b u t a n o l / a c e t i c  a c i d / w a t e r  (2:2:1 v /v /v ) :  benzylguanidine'HC1 
Rf=0.47; benzylamine.HC1, Rf=0.71. The radio-TLC p l a t e s  were analyzed on a 
Packard Model 720 radiochromatogram scanne r  immediately a f t e r  development and 
drying.  [a-14C]-benzylamine-HCl was o b t a i n e d  from I C X ,  I r v i n e ,  C a .  as an 
aqueous s o l u t i o n  of s p e c i f i c  c o n c e n t r a t i o n  0.10 mCi/uiL and s p e c i f i c  a c t i v i t y  
14 mCi/mmol. Radioact ive a s says  w e r e  performed on a Packard 3330 l i q u i d  
s c i n t i l l a t i o n  coun te r .  Counting e f f i c i e n c y  w a s  85-88%. Radiochemical p u r i t y  
of 1 and - 3 w e r e  confirmed by HPLC a n a l y s i s .  A Waters Nodel 272  l i q u i d  chroma- 
tograph equipped wi th  a Radiomatic Flo-one r a d i o a c t i v e  f low d e t e c t o r  (200 l-IL 
s o l i d  s c i n t i l l a t o r  c e l l )  was used,  employing s imultaneous u l t r a v i o l e t  (254 nm) 
and r a d i o a c t i v i t y  d e t e c t i o n .  A Waters-Bondapak C-18 column (4.6 x 250 nun) was 
used f o r  t h e  a n a l y s i s  w i th  t h e  fo l lowing  s o l v e n t  system: 0.2E1 Nh,H2P04/Tltk 
- 
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(9/1) a t  a flow r a t e  of 1 mL/min. The commercial  14C-benzylamine.lIC1 was 
found t o  be 99.3Z p u r e  by radio-WLC wi t l i  a t R  v a l u e  of 4.2 min. 
[a-14C]-benzylguanidine (1). An aqueous s o l u t i o n  of [ a-14CI-benzylamine. 
HC1 (2  m l ,  2.05 mg, 200 pCi )  w a s  p l aced  i n  a 5 ml Kheaton 'V ' -v i a l  and t h e  pH 
of t h e  s o l u t i o n  was r a i se , ,  t r .  5 .5  by c a r e f u l  a d d i t i o n  of 0 . 1  N XaOti. A s p i n -  
vane WBS added and water was evapora t ed  by a g e n t l e  st re^ of a rgon  a t  40-45°C 
( o i l  b a t h )  ove r  2 hours .  To t h e  d r y  r e s i d u e  w a s  added a s o l u t i o n  of 1-butanol  
(100 ~ 1 )  c o n t a i n i n g  cyanamide (Sigma g r a d e ,  2 mg) and t h e  mix tu re  was hea ted  
and s t i r r e d  a t  r e f l u x  t empera tu re  i n  a n  o i l  b a t h  (130°C) f o r  5 hour s .  The 
r e a c t i o n  mix tu re  was c o o l e d ,  t h e  s o l v e n t  removed by a s t r eam of a rgon  a t  4 5 ° C  
and t h e  r e s i d u e  d i s s o l v e d  i n  w a r m  water (0..5 ml ) .  The w a r m  aqueous s o l u t i o n  
w a s  passed  through a s h o r t  column (1 .5  x 0.6 cm) o f  a n i o n  exchange r e s i n  ( C e l l e x  
D ,  OH- form) t o  remove t a r s  and washed f u r t h e r  w i th  t h r e e  0.5 mL p o r t i o n s  of 
warm water. The pH of t h e  e l u a t e  was a d j u s t e d  t o  10.2 by t h e  a d d i t i o n  of 0.1 
N NaOH. 'Thorough e x t r a c t i o n  w i t h  e t h e r  ( 7  x 5 m l )  comple t e ly  removed t h e  
un reac ted  amine, as shown by radio-TLC and radio-HPLC. The pH of t h e  aqueous 
s o l u t i o n  w a s  a d j u s t e d  t o  5.5 by t h e  a d d i t i o n  of 0.1N H C 1  and t h e  a c t i v i t y  was 
a s sayed  t o  be 1 1 0 p C i  - a rad iochemica l  y i e l d  of 55% (15) .  Radiochemical p u r i t y  
of _1_ was > 98% as de termined  by radio-HPLC; t ~ ' 6 . 6  min. 
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